Single-strand conformation polymorphism (SSCP) analysis of polymerase chain reaction (PCR) products is a genetic screening technique for rapid detection of nucleotide substitutions in PCR-amplified genomic DNA or cDNA. It is based on the observation that partially formamide-denatured double-stranded DNA migrates as 2 single-stranded DNA molecules when electrophoresed in nondenaturing polyacrylamide gels. The mobility depends on the 3-dimensional conformation of the strand under the conditions used. It is possible to discriminate between DNA strands differing in only 1 nucleotide. The method was applied to the analysis of Bovine Viral Diarrhea Virus (BVDV) isolates. Reference and Argentinian strains were assessed for variations in their 5Ј untranslated region (5Ј-UTR). The PCR products of the 5Ј-UTR ends were formamide denatured and compared by SSCP analysis in nondenaturing 15% polyacrylamide and 15% polyacrilamide-5% glycerol gels. The reference strains SD-1, Singer, and Oregon C24V had differences in electrophoretic patterns. Despite the high conservation among the 5Ј-UTR of pestiviruses, the method allowed discrimination among all 9 Argentinian isolates. The 5Ј-UTR of a fetal kidney-derived isolate (1R93) was PCR amplified and cloned in a plasmid vector; the SSCP analysis of 30 PCR products obtained by direct amplification over randomly selected clones produced 5 different banding patterns, indicating the existence of viral quasispecies. The results show that SSCP may be used to identify and differentiate among BVDV isolates.
Bovine Viral Diarrhea Virus (BVDV) is a pathogen affecting cattle and wild and domestic ruminants worldwide. 54 Human infection has also been reported. 14, 52 The virus is the prototype of the genus Pestivirus of the family Flaviridae. Two viral biotypes, cytopathic and noncytopathic, are defined by their effect on cell cultures, and 2 genetically and pathogenically different types have been described. Type 1 is subdivided into subtypes 1a, 1b 34, 38 and the recently described subtypes 1c and 1d. 3, 16 BVDV infection in cattle primarily causes a mild respiratory disease, but in pregnant cows fetal infections may induce abortions and other reproductive failures, in addition to the birth of persistently infected (PI) animals, which are the natural reservoir of the virus. The virus is shed during the life span of these PI animals, which may die of mucosal disease (MD). Type 2 BVDV is associated mainly with a severe respiratory disease with hemorrhagic signs. 35 Vaccination plans are not entirely successful, and failures are attributed to the antigenic diversity among isolates. 4, 11 Fetal infection may occur in spite of the presence of maternal antibodies, and PI animals may be born even in well-vaccinated closed herds. 4 Variability of BVDV isolates has been demonstrated by antigenic and genomic analyses and by se-quencing of the noncoding 5Ј untranslated region (UTR). 11, 17, 19, 37, 44 This region is the most conserved segment of the genome, has restriction sites that allow differentiation between types 1 and 2, 17 and defines the division of type 1 into subtypes. It contains an internal ribosome entry site (IRES), 7, 36 which in type 2 viruses determines virulence. 45 Phylogenetic trees of BVDV from different geographic regions are based in the 5Ј-UTR sequence. 40, 48, 51 Genomic and antigenic studies have shown that BVDV isolates cluster according to the farm of origin 9, 15, 33, 47 and that PI animals harbor unique individual strains. 9, 15 Outbreaks of MD or any BVDV-associated disease often require characterization of the infecting virus to establish its origin (e.g., vaccine strains, PI animal, neighboring farm). This characterization is generally carried out by neutralization assays and sequencing of the 5Ј-UTR, but antigenic differences may not be sufficient to define different viral populations, and the sequencing analysis is not easily performed by most diagnostic laboratories. The single-strand conformation polymorphism (SSCP) analysis was adjusted to serve as a method for detection of BVDV variants not dependent on nucleotide sequencing. SSCP analysis of polymerase chain reaction (PCR) products allows for the rapid detection of nucleotide substitutions in PCRamplified genomic DNA or cDNA. 28, 29 It is based on the observation that partially formamide-denatured double-stranded DNA migrates as 2 single-stranded DNA (ssDNA) molecules when electrophoresed in nondenaturing polyacrylamide gels. The mobility does not depend on size and/or charge but on the 3-dimensional conformation of the strand under the conditions used, allowing discrimination between DNA strands differing in only 1 nucleotide. Thus, DNA molecules of the same length but with different nucleotides can be separated. This approach can be especially useful when a fairly conserved genomic region is studied.
The method was applied to BVDV isolates from Argentina and was useful as a screening procedure to detect sequence differences in the 5Ј-UTR among different BVDV isolates and among individual molecular clones of a single isolate, showing the existence of viral quasispecies.
Materials and methods
Viruses and cells. The BVDV reference strains Oregon C24V, Singer, and SD-1 and several Argentinian isolates were used. The Argentinian isolates were obtained between 1988 and 1997 from cases of MD or reproductive failure, from organs from apparently healthy fetuses, 26 and from commercial batches of fetal bovine serum (FBS). 53 One isolate was from semen of an apparently healthy bull. The viruses were passaged once in Main Darby bovine kidney cells grown in minimal essential medium supplemented with ␥irradiated (tested as BVDV free) FBS. 53 Intra-and extracellular virus was harvested by freezing and thawing, centrifuged for elimination of cellular debris, fractioned, and stored at Ϫ70 C.
RNA extraction. RNA was extracted from 100 l of each viral stock with 900 l of a specific commercial reagent. a Mixtures were incubated for 10 min at room temperature, and 200 l of cloroform was added. After centrifugation at 14,000 ϫ g for 15 min, RNA in the supernatant was precipitated with isopropanol. Pellets were resuspended in 10 l of water and immediately used for reverse transcription (RT).
RT-PCR. RT was carried out with 50 U of Moloney murine leukemia virus reverse transcriptase and random hexanucleotide primers b with RNAse inhibitor b for 45 min at 42 C and 10 min at 94 C. PCR of the 5Ј-UTR was conducted using primers 324 and 326 49 and Pfu DNA polymerase b to ensure maximum fidelity of nucleotide incorporation. 5 PCR conditions were 3 min at 99 C and then 35 cycles of 30 sec at 99 C, 30 sec at 55 C, and 45 sec at 72 C, with a final extension of 10 min at 72 C. For amplification of plasmid inserts, recombinant colonies were boiled in 100 l of water. The reaction products were analyzed in 1.8% 5 g/ml ethidium bromide agarose gels.
Cloning. PCR amplification products were enzymatically b purified from low-melting-point agarose with a phenol-chloroform extraction and an ethanol precipitation. Purified products were cloned in a pGEM plasmid, b following the manufacturer's directions. Plasmid inserts of 30 recombinant colonies were amplified by PCR, and the PCR products were analyzed by SSCP.
SSCP. Approximately 10 ng of each PCR products was heated 10 min at 99 C in denaturing/loading buffer (80% formamide, 0.25% bromophenol blue, 1 mM ethylendiaminetetraacetic acid [EDTA], 10 mM with or without 10 mM NaOH) chilled on ice, and immediately electrophoresed. Electrophoresis was performed in 15% acrylamide/bisacrylamide (30:1) and 15% acrylamide/bisacrylamide (30:1)-5% glycerol, using a minigel apparatus. Running buffer was TBE (90 mM Tris, 90 mM borate, 20 mM EDTA). A 30min prerun was carried out. Electrophoresis was conducted at 200 V and 19-20 C (the temperature was maintained with a thermocirculator) over 3 hr. The gels were silver stained with a commercial kit. c
Sequencing. Direct sequencing of both strands of the purified b PCR products was performed with a commercial kit. d For sequencing the 5Ј-UTR products, the upper and lower PCR primers were used. Plasmid inserts were sequenced with primers SP6 and T7. 42 Sequences were aligned using computer software. 43
Results
Two different conditions of denaturing/loading buffer, electrophoresis temperature, and gel composition were tested. The best results were obtained when NaOH was included in the denaturing buffer and electrophoresis was carried out at 20 C. With some of the denatured PCR products, better resolution of the bands was obtained in the polyacrylamide gels without glycerol, but in other cases addition of this reagent improved the results.
To determine whether ssDNA with known different nucleotide sequences presented different SSCP patterns under these conditions, the method was used with the PCR products of the 5Ј-UTR of reference strains Oregon C24V, Singer, and SD-1. In agreement with the different nucleotide sequences, the SSCP patterns were different (Fig. 1 ). The lower bands in lanes 1 and 3 had the same mobility in the gel without glycerol ( Fig. 1A) but were distinguishable in the gel with glycerol with mobility differences of 1 mm (Fig. 1B) . Accordingly, both gel compositions, with and without glycerol, were chosen for a better discrimination among isolates. A third band in lane 2 of Fig. 1 (attributed to an additional conformer 32 ), clearly visible in the gel without glycerol, was very faint in the gel containing glycerol.
Once it was established that under the selected conditions different nucleotide sequences showed different SSCP patterns, it was verified that identical SSCP patterns from a single isolate corresponded to the same nucleotide sequence. The RT-PCR product of the 5Ј-UTR from 1R93, a bovine fetal kidney isolate, was cloned in a plasmid b and 30 randomly selected clones were amplified by PCR and subjected to SSCP analysis. The majority (26/30) of the amplified products had the same pattern (Fig. 2) ; the glycerol-containing gel (not shown) showed differences only in lane 19. The sequences of 4 of the inserts with the same mo- bility were identical (lanes 1, 2, 7, 8 ) and corresponded to the sequence obtained directly from the amplified product of the viral RNA (Fig. 4 ). The 4 clones with different mobility patterns (Fig. 2, lanes 4, 5, 10, 19 ) had either 1 or 2 substitutions with regard to 1R93 and the major sequence, in a different position for each case (not shown).
SSCP analysis was used to analyze the 5Ј-UTR from field samples (Fig. 3 ). All PCR products showed different SSCP mobilities, which corresponded to differences in sequences (Fig. 4) . A third band was observed in the patterns of isolate 2B (Fig. 3, lane 3) .
Isolate 318 (from commercial FBS) and the reference strain Oregon C24V differed at 2 positions in the region under study. This difference was reflected in the SSCP pattern obtained without glycerol (Fig. 3,  lanes 7, 10) .
The SSCP patterns did not reflect the number or quality (transitions or transversions) of the substitutions. Despite showing an almost identical band pattern, clearly distinct from 1R93, isolates 34B and 1R (Fig. 3, lanes 2, 9) , had very different sequences (Fig.  4) . Isolate 34B is a type 2 BVDV, with 62 substitutions when compared with 1R93, and isolate 1R, a type 1 BVDV, had 17 changes (Fig. 4) . The remaining PCR products had 12-21 substitutions (Fig. 4) . Taking isolate 1R93 as reference, the greatest and smallest differences in band mobility corresponded to the SSCP patterns of 4H and 68.88 (Fig. 3, lanes 4, 5) , respectively. The number of substitutions, however, was similar: 19 for 4H (14 transitions, 5 transversions) and 17 for 68.88 (11 transitions, 6 transversions). Both had 2 deletions and 1 insertion. The number of transitions involving pyrimidines were 7 for 4H and 6 for 68.88, and those involving purines were 7 for 4H and 5 for 68.88. Isolate 318, with an SSCP very similar to those of 1R93 and 68.88, had 20 substitutions with respect to 1R93, with 17 transitions (10 purines, 7 pyrimidines) and only 3 transversions; it had also 2 deletions and 1 insertion. The same type of analysis applied to the remaining SSCP did not allow for any conclusion regarding relationship between SSCP pattern and type of substitution.
Discussion
The SSCP method for analysis of the 5Ј-UTR of BVDV was used for Argentinian BVDV isolates. Al- though the method was designed for radioisotopic labeling of the DNA and large polyacrylamide gels, the adaptation to mini-slab gels 20, 31, 46 and the use of argentic staining for band detection 1, 31 considerably simpli-fied the procedure, making it available to laboratories without special facilities.
Among other applications, SSCP has been used for analysis of tumor-and disease-associated muta-tions, 10, 22, 24, 27 studies of viroids and plant viruses, 23, 32, 39 evaluation of heterogeneity of hepatitis C virus isolates, 12, 13, 25, 30, 50 and detection of human papillomavirus variants. 2 Recently, it has also been used for studies of viral evolution and molecular epidemiology. 6, 42 As described for other systems, both types of gels, with and without glycerol, were necessary for detection of all substitutions. In previous studies, 28, 29, 41, 46 100% of known nucleotide substitutions were detected by combining both gel compositions. Sensitivity may be increased by changing additional electrophoretic conditions, 29, 32 and the number of specific parameters to be changed varies according to the objective of the work. The conditions selected here were adequate for discriminating among BVDV isolates.
The occasional occurrence of additional less intense bands, such as those observed with the PCR products of isolate 2B and reference strain SD-1, has been attributed to 2 different stable conformations of a single strand. 18, 28 All the isolates analyzed were different in the highly conserved 5Ј-UTR. The finding of a type 2 BVDV (isolate 34B) shows that this type has been circulating in Argentina since at least 1991. The occurrence of different SSCP patterns among molecular clones of the 5Ј-UTR from 1R93, an isolate obtained from a fetal bovine kidney, suggests that BVDV quasispecies could evolve in the infected fetus, as happens in PI animals. 8 Sequence changes in the 5Ј-UTR, which contains the IRES that is related to tropism in poliovirus, 21 may correspond to virus variants infecting different cells in the same organ.
As already described in other systems, 32, 46 no correlation was observed between SSCP pattern and the number of transitions, transversions, deletions, and insertions observed. With the exception of isolate 34B, which was the only type 2 BVDV in the group, transitions with respect to the 1R93 were more numerous than transversions.
The 5Ј-UTR of BVDV is the most conserved portion of the pestivirus genome. The SSCP analysis was useful for qualitatively differentiating among the PCR products of this region, without using sequencing, although no assignation of types or subtypes could be made.
The method should be of application as a screening tool when analyzing BVDV field isolates. It is easy to set up, reproducible, and does not require specific equipment. It may provide important information for identification and comparison of isolates and detection of less abundant variants and may provide preliminary data for molecular epidemiology studies.
